L umbar spinal stenosis (LSS) is a condition in which narrowing of the central spinal canal, lateral recess, or foramen leads to compression of the neural and vascular structures, resulting in back and leg pain, disability (particularly decreased walking capacity), and substantially diminished healthrelated quality of life. [1] [2] [3] [4] [5] [6] [7] Although the prevalence of LSS is unknown, there has been a steady, dramatic rise in spine surgery rates over recent decades, 8 -10 with spinal stenosis being the most common diagnosis associated with spinal surgery in adults over 60 years of age. 9 -11 Physical therapy is commonly recommended for patients with mild to moderate LSS, and patients with severe LSS typically undergo a trial of conservative treatment before surgery is proposed. 12, 13 Within a cohort of community-based patients with the clinical diagnosis of LSS in Canada, 59% of the patients interviewed reported having received physical therapy. Among these, 27% received massage, 23% received strengthening exercises, 18% received flexion exercises, 14% received aerobic conditioning, and 14% received bracing or walking devices. 12 Although physical therapy is commonly used and recommended in clinical practice guidelines for patients with LSS, there is still little information about its effectiveness in this patient group. 12, 14 With the assortment of available treatments, the increasing population age, and the rising prevalence of LSS and its expensive associated health costs, it is important to identify the most effective physical therapy treatments available for patients with LSS.
To our knowledge, no systematic review specifically evaluating the effectiveness of physical therapy treatments has been published. Previously published systematic reviews have evaluated the effectiveness of nonsurgical interventions; these reviews included treatments such as steroidal injections that are outside the scope of physical therapist practice, or they did not fully explore the literature on physical therapy treatments. [15] [16] [17] [18] A recently published systematic review of nonoperative treatments for neurogenic claudication (including conditions other than degenerative LSS, such as spondylolisthesis) included literature published through 2010. 16 The review found 4 randomized controlled trials (RCTs) evaluating physical therapy alone and 4 RCTs comparing a multimodal conservative package, including physical therapy, to surgical interventions. The authors of the review concluded that a wide variety of physical therapy treatments were used, limiting comparisons, but that there was low-quality evidence, suggesting that exercise is better than no intervention for pain and function and that surgery is better than a multimodal program for pain in the short term. Another recently published systematic review evaluating the effects of land-based exercises on functional outcomes of patients with LSS with literature searches up to June 2011 19 also found surgery to be significantly more effective than land-based exercises. However, the reviewers concluded that, given the known complications of surgery, exercise therapy should be considered before surgery.
The tendency to conglomerate the wide variety of physical therapy interventions into one category of intervention-"physical therapy"-is an issue, with many studies evaluating the efficacy of physical therapy interventions. Therefore, the purpose of this study was to systematically review studies evaluating the effectiveness of physical therapy interventions in the treatment of LSS, considering the specific type of physical therapy treatment and how it was applied. Because we expected a small number of RCTs to be available, we also searched for cohort studies and clinical controlled trials (CCTs) with a comparison group.
Method Data Sources and Study Selection
Databases were searched electronically to identify appropriate articles. The databases examined included MEDLINE via Ovid (1950 to January 2012 , EMBASE via Ovid (to January 2012), CINAHL (to January 2012), Scopus (to January 2012), Cochrane Library (to January 2012), and PEDro (to January 2012). Key words related to LSS and physical therapy treatment were selected for each database (Appendix). A manual search also was conducted on reference lists of a systematic review. Additionally, an ISI Web of Science search was conducted to identify potentially eligible studies that have cited the studies included here. The literature search was conducted in 2 stages. First, a search was conducted in November 2011, and 2 independent reviewers screened the database search results for potential articles based on titles and abstracts. Then, a third investigator performed another search in January 2012 with the objective of updating the search and expanding the inclusion criteria to non-English trials. The title and abstracts of the identified studies were screening by 2 independent reviewers. The full texts of the selected articles were further evaluated using an inclusion/exclusion criteria form to assess the suitability of articles for inclusion in the review. The review of each full text was conducted by 2 of the authors independently (L.G.M., A.H., L.K., J.M., L.T., and M.Y.), with 1 of the other authors resolving any disagreements.
The inclusion criteria of this study were:
• Clinical trials with a comparison group (RCTs, CCTs, and prospective cohort studies).
• Evaluation of interventions within the scope of physical therapist practice in North America. 20 Multimodal studies where physical therapy was offered as part of a treatment package were included (eg, physical therapy ϩ education ϩ nonsteroidal anti-inflammatory drugs (NSAIDs). Studies where physical therapy was offered to patients, but it was unclear whether all patients in that treatment group had received it, were excluded.
• Outcome measures of pain, disability, function, or health-related quality of life.
• Clinical diagnosis of LSS, with confirmatory imaging. Because a universally accepted case definition for the diagnosis of degenerative LSS is not available, an age cutoff for inclusion of patients (commonly 40 years, 50 years or older) in LSS samples is frequently used. 21, 22 Therefore, as the systematic review was focused on degenerative LSS, we initially planned to include studies in which patients were at least 50 years of age. However, because we were able to identify only 3 studies that met the aforementioned criteria and included patients older than 50 years, we decided to modify our inclusion criteria to include studies of patients with a mean age greater than 50 years.
Quality Assessment
The PEDro scale was used to assess the quality of clinical trials (RCTs and CCTs). 23 PEDro scores range from 0 to 10, with 10 being the highest quality. PEDro scores of RCTs were extracted from the PEDro database. As PEDro scores of CCTs were not available in the PEDro database, 2 reviewers (L.G.M., A.H., L.K., J.M., L.T., and M.Y.) independently rated the studies, and a third reviewer was used to resolve disagreements.
Because some of the important methodological features of RCTs, such as randomization, allocation concealment, blinding of participants, blinding of therapist, and an intention-to-treat analysis, are not relevant to the design or quality of cohort studies, a different scale was used to evaluate the quality of the cohort studies. A modified version of the Newcastle-Ottawa Quality Assessment scale 24 that included modifications to better evaluate intervention-based cohort studies instead of cohort studies that examined prognostic factors was used.
In the original Newcastle-Ottawa Quality Assessment scale, no credit was given if the study used a selfassessment tool as an outcome measure. However, most interventionbased cohort studies in this field have no other way to assess subjective factors such as pain or quality of life than with self-assessment scales. Thus, the modified scale gave credit to the study if it used a standardized self-assessment tool. In addition, the criteria "ascertainment of exposure," "demonstration that the outcome of interest was not present at the start of the study," and "the follow-up length in relation to the time needed for the outcome measure to be evaluated" were eliminated. All other items of the scale involving selection, comparability, and outcome remained the same in the modified scale. The modified Newcastle-Ottawa Quality Assessment scale was rated from 0 to 5. Scoring of each study was performed by 2 independent reviewers (L.G.M., A.H., L.K., J.M., L.T., and M.Y.), and a third reviewer was consulted if discrepancies arose. The GRADE approach for grading the level of the evidence available was used to summarize the conclusion of this review. 25 Depending on the number and quality of the studies included in the review, the evidence was classified into high, moderate, low, or very low quality.
Data Extraction

Results
Study Selection
The final database search yielded 1,733 articles after duplicates were removed. Upon screening titles and abstracts, 31 records were deemed potentially eligible for full-text analysis. 11,13,26 -53 After examining these records against the pre-established inclusion criteria, 10 articles were deemed eligible for data extraction and analysis (Fig. 1) . 11,13,26 -33 Not being able to delineate physical therapy treatments from nonphysical therapy interventions was the primary reason for exclusions of potentially eligible studies. Often, multiple forms of conservative treatments were provided, and we were unable to identify whether all patients received a physical therapy intervention.
Methodological Quality
The PEDro scale was used to rate a total of 9 studies (5 RCTs, 2 mixeddesign studies with an RCT arm, and 2 nonrandomized crossover trials). The median PEDro score of the 5 RCTs 11,13,27,29,32 was 7 (rangeϭ6 -8) , and the most commonly absent item was blinding of therapist or study participants. The 2 mixed-design studies had PEDro scores of 3 26 and 6, 33 with the most commonly absent items being blinding of therapist, assessor, or study participants and poor follow-up rates. In addition, the 2 nonrandomized crossover trials had PEDro scores of 4 54 and 6, 28 again with absence of all types of blinding and randomization.
The 2 mixed-design studies scored 2 on the modified Newcastle-Ottawa Quality Assessment scale, with patients not being selected from the same community or having similar characteristics. Most often, patients with greater severity were referred for surgery, and only patients with mild stenosis were referred for physical therapy. The simple cohort study 30 had a score of 3 on the scale, with the primary weakness being an inadequate description of the study population and its characteristics.
Study Characteristics
Of the 10 studies included in this systematic review, 4 were RCTs comparing one physical therapy regimen against another. 11,13,27,32 Whitman et al 13 investigated the addition The pooled results demonstrated that the addition of modalities had no significant effect on pain, disability, or walking capacity in the short term (2-3 weeks) (Fig. 2) . The long-term (6 months) nonpooled results for the study of Koc et al 27 also demonstrated no significant additional benefit of modalities for any of the outcomes studied (Tab.
2). Furthermore, nonpooled results of the study by Goren et al 11 showed that an exercise program plus modalities was significantly better than no exercise in the short term (3 weeks) for back pain (MDϭϪ23.3, 95% CIϭϪ43.7 to Ϫ2.9), leg pain (effect size [ES]ϭϪ28.0, 95% CIϭϪ49.6 to Ϫ6.4), and disability (Oswestry Disability Index) (ESϭϪ7.1, 95% CIϭϪ13.7 to Ϫ0.5).
The results of the study by Pua et al 32 showed that body-weight-supported treatment was not significantly better than cycling for any of the shortterm pain and disability outcomes (3-6 weeks). Finally, the study by Whitman et al 13 demonstrated that manual therapy in addition to flexion exercises and walking had effects similar to those of flexion exercises and walking alone for any of the outcomes evaluated in the short term (6 weeks) and long term (1 year) (Tab. 2).
Physical Therapy Treatment Compared With Surgery
The studies included in this contrast consisted of RCTs, cohort studies, and mixed-design studies. When evaluating the possibility of pooling the studies, the research design used was taken into consideration. Therefore, RCTs were pooled with RCTs Forest plot of randomized controlled trials evaluating the addition of physical therapy modalities to an exercise program. Values represent weighted mean difference (95% confidence interval). The pooled effects were calculated using fixed-effect models (all I 2 ϭ0%). Pain and disability outcomes are presented on a 0 to 100 scale, and walking ability measures are presented in seconds.
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or the RCT arm of a mixed-design study (all using an intention-to-treat analysis), and cohort studies were pooled with other cohort studies or with the cohort arm plus the RCT arm of mixed-design studies considering the as-treated analysis (Fig. 3 ).
We were able to pool the results for pain and disability for 2 RCTs that used continuous outcomes. 29, 33 We found that outcomes were not statistically significantly different between surgery and physical therapy for pain at intermediate term (340 patients at 6 months, WMDϭ 14.9 points, 95% CIϭϪ6.1 to 36.0), pain at long term (335 patients at 1 year, WMDϭ13.6 points, 95% CIϭϪ3.8 to 31.0), disability at intermediate term (340 patients at 6 months, WMDϭ4.0 points, 95% CIϭϪ2.6 to 10.5), and disability at long term (335 patients at 1 year, WMDϭ6.4 points, 95% CIϭϪ2.5 to 15.3). However, the results favored surgery over physical therapy for pain at long-term follow-up at 2 years (308 patients at 2 years, WMDϭ13.7 points, 95% CIϭ0.5 to 26.8) and disability at long-term follow-up at 2 years (308 patients at 2 years, WMDϭ5.0 points, 95% CIϭ0.9 to 9.2). The results for pain and disability at intermediate and long-term follow-up (6 months and 1 year) did not favor one intervention over the other, and the results of the 2 applicable studies were contradictory. In the study by Malmivaara et al, 29 the results favored surgery over physical therapy on all outcomes for all time The results for pain of the study Amundsen et al 26 were transformed into dichotomous variables for the purpose of this analysis, with patients separated into those having moderate or severe pain versus those having no pain or light pain. Patients who crossed over between interventions were excluded from the analysis. The results demonstrated that the odds of a patient having moderate to severe pain were not statistically significantly different for those receiving physical therapy or surgery (Tab. 4).
Comparison of Corsets With and Without Load Reduction and Controls
All outcomes regarding corsets were collected while walking on a treadmill with or without the use of a corset. The nonpooled results of single studies demonstrated that a lumbar corset was statistically significantly better than no corset for pain severity (MDϭϪ12.0, 95% CIϭ Ϫ19.4 to Ϫ4.6) and walking ability, tested using time to first symptoms (MDϭ29.5, 95% CIϭ13.2 to 45.8) and total walking time (MDϭ51.3, 95% CIϭ23.1 to 79.5), 28 but not for walking distance. 54 The results also showed that 20% and 25% weight reduction with a corset were statistically significantly better than no corset for time to first symptoms and walking time (Tab. 5). Twenty-five percent weight reduction was significantly better than lumbar corset with no weight reduction for time to first symptoms only (MDϭϪ29.3, 95% CIϭϪ51.6 to Ϫ7.0), but 20% weight reduction was no better than a lumbar corset alone. Furthermore, 25% weight reduction was significantly better than 20% weight reduction for time to first symptoms (MDϭϪ25.3, 95% CIϭϪ50. Forest plot of randomized controlled trials (RCTs) comparing physical therapy and surgery. Values represent weighted mean difference (95% confidence interval). The pooled effects were calculated using fixed-effect models (all I 2 ϭ0%) for pain at 6 months for the cohort studies and for disability at 2 years. All other pooled effects were calculated using random-effects models. Pain at 6 months RCTs I 2 ϭ89%, pain at 1 year RCT I 2 ϭ85%, pain at 2 years RCT I 2 ϭ76%, disability at 6 months I 2 ϭ63%, and disability at 1 year I 2 ϭ76%. Pain and disability outcomes are presented on a 0 to 100 scale, and walking ability is presented in meters. Positive values favor surgery for the outcomes of pain and disability but favor physical therapy for ambulation time because high pain and disability are unfavorable outcomes, whereas high walking time is favorable.
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to Ϫ0.4). The results also showed that an elastic woolen corset was not significantly better than no corset.
Discussion
In this systematic review, we assessed the effectiveness of physical therapy treatments for patients with LSS through RCTs, CCTs, and cohort studies with a comparison group. A large range of physical therapy treatments were studied, which limited pooling and conclusions about a specific intervention. Furthermore, there were only 5 good-quality RCTs, whereas all other studies with different study designs were of moderate to poor quality. Thus, the results of the review should be viewed with caution.
There is low-quality evidence suggesting that exercise therapy leads to better short-term outcomes than no exercise with respect to disability and back and leg pain. However, the mean effect for disability was small (7.1 on a 100 scale) and clinically questionable. There is lowquality evidence that modalities (ultrasound, TENS, heat packs) and manual therapy have no additional benefit than an exercise program alone. Given the small sample sizes of the studies included in the contrast evaluating the addition of modalities to exercise and the results for the outcome of pain in Figure 2 , it is possible that larger sample sizes a For all comparisons, effect estimates represent the group receiving the first therapy listed minus the group receiving the second therapy listed. Therefore, positive effect estimates indicate a lower mean score for the first therapy listed while negative values indicate a lower score for the second therapy listed. Weinstein and colleagues' results are adjusted for age, sex, baseline scores, income, treatment preference, duration of symptoms, compensation, smoking status, body mass index, baseline sciatica bothersomeness, and joint, stomach, and bowel problems and are presented as mean difference from the change from baseline. NSAIDsϭnonsteroidal anti-inflammatory drugs, SF-36ϭ36-Item Short-Form Survey, RCTϭrandomized controlled trial, ODIϭOswestry Disability Index. *PϽ.05.
would lead to statistically significant results. However, differences in the outcome of pain between groups would likely still be smaller than 20 on a 0 to 100 scale and, therefore, below the limits of clinical significance. 55 Furthermore, there is low-quality evidence that exercise involving treadmill walking with body-weight support is no more effective than cycling for short-term outcomes. There is moderate-quality evidence suggesting that surgery leads to better long-term (2 years) outcomes for pain and disability, but not walking distance, than physical therapy. Again, the mean effects for disability were small (5 on a 100 scale) and of questionable clinical importance. The results also provided low-quality evidence suggesting that the 2 interventions are not different for pain and disability at long term (1 year) and contradictory evidence for the intermediate-term results. There is low-quality evidence from individual studies suggesting that walking ability is improved while wearing a lumbar corset in comparison with an elastic woolen corset or no corset. Additionally, a corset with 25% weight reduction was found to be better than one with 20% or no weight reduction for time to first symptoms while walking on a treadmill.
The results of this review have significant implications because they contradict reports of common clinical practice. 12 For instance, 68% of physical therapists treating patients with LSS reported using some type of modalities for this patient group. 12 Moreover, 66% of physical therapists reported providing some type of manual therapy to patients with LSS. If current evidence suggests that modalities and manual therapy have little or no effect above that of exercise, it may be prudent for physical therapists to refocus their treatment to a more active approach, unless further evidence indicates otherwise.
It has been identified that only 12% of therapists recommend the use of corsets in clinical practice. 12 Despite the fact that the results of this study regarding corsets are limited due to the small number of studies and types of outcomes evaluated, the results suggest that the use of lumbar support corsets has significantly better effects in increasing walking ability (distance) than not using corsets. 54 Therefore, although future studies are needed to corroborate this finding, therapists may want to consider recommending the use of this inexpensive device during daily activities that require walking.
Weight reduction treadmill training devices are expensive and required in clinic use and, therefore, have been used primarily in research with the expectation that decreasing the load on the spine will decrease pain. 28 Concordantly, a 25% weight reduction corset was found to be better than a regular lumbar corset in decreasing time to first symptoms while walking. However, because weight reduction devices can only be used for training in clinical practice and the results of this review suggest that cycling has effects similar to those of a weight reduction corset with respect to short-term pain and disability outcomes, cycling would appear to be the treatment of choice because it is less expensive, easier to apply, and requires less training and time from the treating therapist and patient.
The results of this review suggest that surgery is better than physical therapy for pain and disability at the long term (2 years), and the results a Odds ratio of less than 1 means that the odds of having moderate to severe pain was greater in the surgery group, whereas an OR value greater than 1 means that the odds of having moderate to severe pain was greater in the physical therapy group.
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are still somewhat controversial for pain and disability at intermediate term and long term (6 months and 1 year). However, as mentioned in the "Results" section of this study, the results of the 2 studies included in the contrast evaluating pain and disability at intermediate term were contradictory.
The results of the study by Malmivaara et al 29 favored surgery over physical therapy on all outcomes evaluated, and the results of the study by Weinstein et al 33 were not significantly different between groups. It is worth noting that the results of the RCT arm of the study by Weinstein et al were not free of bias, as there was a large crossover of patients between treatment groups, and the use of an intention-to-treat analysis in this case does not help in maintaining the benefits of randomization. It is possible that the positive surgical results of those patients who were initially randomized to conservative treatment but received surgery inflated the results of the conservative arm when using the intention-to-treat analysis. Furthermore, generalizing the results of the cohort studies and RCTs using an as-treated analysis are limited due to the fact that patients were often allocated to receive surgery based on the baseline levels of pain. Thus, we can conclude that there is moderatequality evidence suggesting that surgery is better than physical therapy for pain and disability at the long term (2 years), but there is very lowquality evidence suggesting that the 2 interventions are similar in relation to walking capacity or to pain and such as the addition of modalities to exercise versus exercise alone, and we were able to perform a metaanalysis for a few of these comparisons. The overall messages of the 3 reviews, that exercise seems to be better than no exercise and that surgery appears to be superior to physical therapy for pain, are somewhat similar. However, the current summary of evidence on specific physical therapy interventions such as modalities (eg, ultrasound, heat pack), manual therapy, and corsets added another dimension beyond the results of the earlier reviews.
A weakness of this review was the heterogeneity in interventions and outcomes used among studies, as well as the variation in study designs. This weakness made it difficult to compare studies. Because treatments often were "bundled," the effect of a particular physical therapy treatment could not be discerned. Physical therapy programs also typically were not described in detail (eg, parameters, dosage) and often were ambiguously listed as "typical physical therapy treatment." Physical therapy programs need to be more clearly defined to allow better interpretation of the study results, replication in future studies, and application. Several studies had to be excluded because epidural steroids were the primary form of treatment in addition to physical therapy. This limitation made it difficult to identify what aspect of the conservative treatment affected a patient's pain, especially because epidural steroids are a potent form of pain medication. However, we allowed NSAIDs to be part of conservative treatment, as long as it was not a major part of the treatment, because we believe many patients will be taking some form of anti-inflammatory or pain medication when receiving physical therapy treatment for LSS. In one study comparing physical therapy, education, and NSAIDs with surgery, 52% of the patients receiving the nonsurgical treatment also received steroidal injections. 33 As the use of injection was a cointervention received outside of the treatments given as part of the RCT, the study was not excluded from this review.
Caution needs to be taken in generalizing the results of this review, given the small number of studies evaluating each treatment and the quality of evidence available. The literature evaluating physical therapy interventions for patients with LSS is scarce, and high-quality long-term RCTs are warranted. Studies evaluating the best physical therapy intervention or package of interventions to be delivered to this patient population are crucial. Exercises appear to be a commonality among the interventions evaluated; however, the best type of exercise (specific or general), weight reduction protocols, corsets, and addition of manual therapy and other forms of treatment to exercise need to be further investigated. However, possible mechanisms of action of these and other interventions need to be carefully considered and presented to support future studies worthy of the time and resources required. 
